ABSTRACT
Introduction
Economic assessments of impacts of new technologies can use several approaches. Many studies have used the partial-equilibrium model of Alston et al., (1995) which examines market consequences of new technologies and calculates changes in producer and consumer welfare. Partial equilibrium multi-stage production models after Martin and Alston (1994) have also been used in number of occasions to capture the impacts of research induced technological change in agriculture systems. An alternative approach is available in applied general equilibrium models, which provide economy-wide estimates of impacts consistent with microeconomic theory Several CGE applications have modeled impacts of biotechnological innovations using Global Trade Analysis Project (GTAP) CGE model of global trade analysis (Huang et al., 2003; Stone et al., 2003) . CGE models usually focus on cost reduction (input saving) and output expansion from the new technology and derive general equilibrium price, production, trade, and welfare impacts resulting from total factor productivity or factor-biased technical change (Elbehri and MacDonald, 2003 ).
An extensive collection of partial equilibrium analyses of the impacts of 'research and development' investments for various commodities exists for Canada (Alston et al., 2000) . They report the impacts of research and development as marginal or average rates of return values in the approximate range of 30-100%. Multi-sectoral linear programming models have predicted estimates of rate of returns of comparatively lower (by about 10%) magnitude (Klein et al., 1994) . To our knowledge, there has been no computable general equilibrium analysis of the impacts of technological change in Canadian agriculture to date (we are certain of the absence of such performed using data after year 2000). This paper reports general equilibrium results of a modeling exercise evaluating technological change in Canadian agriculture. The focus is on primary agricultural production taking into account supply management restrictions in dairy and poultry production. Technological change is modeled as input savings in the use of purchased inputs (intermediate inputs as per Statistics Canada sectoral input classification) and of primary factors.
A computable general equilibrium (CGE) model evaluates the impacts of technological change modeled independently in supply managed sector and other primary agricultural sector on the primary agricultural commodity markets. Output, intermediate demand for commodities, exports/imports and relative supply prices are the considered market impacts. The returns to primary factors in the two sectors are also evaluated.
The objective is to measure the general equilibrium impacts of technological change in the primary agricultural commodity markets. Inputoutput and final demand data for 2001 published by Statistics Canada is used. Simulations provide impacts at the individual commodity market level. I believe that evaluation of returns to primary factors in the two sectors under technological change provides a comparable general equilibrium estimate for the producer surplus measure in the partial equilibrium literature.
Results of the simulations show important effects of technological change. Productivity improvement in the primary agricultural production has a number of impacts for primary products that are not supply-controlled via quotas. The lower supply prices make primary products cheap inputs for processing sectors, spilling over the impact of technological change in primary production to the processing industries which in turn will produce final goods at lower prices. When primary products are exported the lower domestic supply prices make the Canadian exporters competitive in world 3 trade. However, supply managed commodity markets show an accumulation of quota rents to the farmers as the only significant impact.
Study Context Canadian Agriculture
Agriculture in Canada has been an important sector throughout the history of the country as a source of food and exports. The agriculture and agri-food system accounted for 8.1% of total Gross Domestic Product (GDP) in 2004 (primary production and processing together making 3.4%). The overall system has been growing in size at 2.4% per annum (Agriculture and Agri-Food Canada, 2006) .
Agriculture performs several inter-sectoral functions which are important for the overall economic growth. Primary agriculture is a large user of energy products and repair and maintenance services. For example in 2002, it purchased 7.4% of all industrial diesel oil used, accounting for 5.8% of the total value of diesel production in Canada (Agriculture and Agri-Food Canada, 2006) . At the same time the agriculture and agri-food sector is a key supplier to other industries.
Supply management in dairy and poultry has been a distinct feature of Canadian agriculture since 1970s. Supply management refers to the systematic use of production and border controls to manage national supplies to satisfy projected demand at a target price. The goal of controlling supply so the market clears at the target price is to stabilize and enhance dairy farm incomes. In Canada, the federal government sets the price of industrial milk at a level determined by cost of production formulae. To maintain the predetermined price, the level of industrial milk production and imports of industrial milk products must be restricted. The National Milk Marketing Plan sets out the framework to calculate the quantity of industrial milk needed to meet domestic requirements and any planned exports. The quantity supplied of industrial milk in each province is restricted using a Market Share Quota. Each province's Market Share Quota is determined using its historical share of national industrial milk production. Quota holdings in the supply managed industries have grown significantly over time. In 2004, the average dairy farm had around 1.2 million dollars worth of quota compared to an approximate value of 300 thousand dollars in 1994 and the average poultry farm around 1.5 million dollars compared to an approximate value of 400 thousand dollars in 1994. In each case, on average, value of quota accounted for 50% and 53% of total farm assets respectively (Agriculture and Agri-Food Canada, 2006) . 4 The large strides in technology in recent years have brought about considerable transformation in agricultural production activity in Canada. Average farm size has been continuously increasing while the number of farms has been decreasing (Schmitz et al., 2002) . Labor has been freed from agriculture while the production processes have been more material using. Factor productivity indicators in agriculture have been improving regularly and for the six years from 1997 to 2003 multifactor productivity has been growing at 3% per annum (Agriculture and Agri-Food Canada, 2006) . Over the last 20 years, cattle carcass weights have increased by 33%. Larger litter sizes, more litters per year, and heavier carcass weights have resulted in a 49% increase in pork production per sow since 1990. Crop yields also have risen steadily. Average annual corn yield has risen from 5 tons per hectare to more than 7.5 tons per hectare over the 30 years from 1970 to 2000, according to agricultural census.
Data and Model
Data is from the L (link) level classification of 2001 input-output data and final demand tables for Canada published by Statistics Canada 1 (Statistics Canada, 2006) . For the computable general equilibrium (CGE) analysis reported here, above data was aggregated to 25 commodities, 20 sectors. Representative agent's final demand is four-fold: final consumption, government consumption, investment and net exports. 3 Primary factors are endowed to the agent.
Agricultural detail in the model includes 13 commodities representing total Canadian agriculture: 9 primary commodities and 4 processed commodities. Primary commodities include cattle and calves, swine, other livestock, grains, oilseeds, fruits and vegetables as non supply managed goods and poultry (chicken and turkey combined), eggs, and raw milk as supply managed goods. This paper looks at the general equilibrium response of the commodity markets of these two groups to technological change.
The CGE model is a single country version of the Basic Model of Regional Trade (BMRT) by Wigle and Snoddon (2004) . Each production activity is modeled by a nested (hierarchical) production function, which enable the special functional forms as, for instance, constant elasticity of substitution (CES), Cobb-Douglas or Leontief functions to be contained within CES functions, and many layers of hierarchy can be utilized (Shoven and Whalley, 1992) . Further, this structure allows a flexible representation of the degree of substitution between inputs to the production process 1 The detailed input output data is available from Statistics Canada at <http://www.statcan.gc.ca/pub/15-201-x/2008000/5005546-eng.htm> (Rutherford, 1994) . Domestic and imported goods in production and consumption aggregate under Armington assumption (Armington, 1969) with constant elasticities of substitution. Domestic output and exports are transformed with constant elasticity. Consumer Preferences are CobbDouglas. Appendix 1 contains the detailed equation system used in the model. The model was implemented in GAMS and MPSGE software systems. Appendix 2 contains the input, output and final demand tables after the aggregation of the L level data by the author.
Supply management regime in dairy and poultry is modeled as an endogenous tax (Benjamin et al., 1999; van Meijl and van Tongeren, 2002) facilitating a switch from a binding to a non-binding status. Thus, the model adjusts endogenously both the quantity and the quota rent.
Simulations
As mentioned previously, technological change is modeled as productivity increases in inputs. It is implemented in the model as 10% savings of inputs in the counterfactual simulations. Two groups of inputs are considered: intermediate goods and primary factors (see table 1 for detailed allocation of each input category into supply managed, non supply managed and processing agriculture). Any input other than a primary factor used in the production is considered as an intermediate input. Thus, any of the 25 commodities could be an intermediate input in a given production activity. Primary factors are capital, labour (wages, salaries and supplementary labour income) and mixed income (i.e income of unincorporated businesses).
The two types of technological change (i.e. rise in productivity of intermediate input use and of primary factor use) constitute modeling scenario (1) and (2) respectively. Scenarios (1) and (2) are independently implemented in supply managed production and other primary production. When Supply managed sector is subjected to technological change, the situation is identified as 'case A' and when rest of primary agricultural sector undergoes technological change, the situation is identified as 'case B'. This separation and independent treatment of supply managed and other sectors is motivated by the strategic importance of the supply managed sector (dairy and poultry) in Canadian agriculture. Further, the statistics indicate that the interlinkages between the supply managed sector and other agricultural sectors are very few. 
Results and Discussion

Individual Market Results from Counterfactual Simulations
This section documents the results of the simulations for each commodity market. The logic of presentation is summarised in the figure 1. The two types of inputs (intermediate goods and primary factors) contribute to the production of any commodity. Technological change is modeled via these two input types. Output of each commodity is end-used as intermediate input or net export. Relative change of each variable (output, intermediate use, export/import and relative price) is evaluated by comparing the benchmark equilibrium and counterfactual equilibrium. Percentage changes of each variable from the benchmark solution is calculated and reported.
Impacts of technological change in supply managed sector on non supply managed commodities are insignificant. Similarly, impacts of technological change in non supply managed sector on supply managed commodities are insignificant as well. These results are not reported. An illustration of the logic behind modeling market effects using cattle and calves market as an example Table 3 lists the percentage changes of market effects for non supply managed commodities due to the two technological change scenarios. Outputs of all the six commodities increase for both scenarios. The increased output is largely exported. Intermediate demand for the commodities from other sectors increase slightly. In the case of fruits & vegetables, where a significant portion of output is consumed as final goods, final consumption rises by 7.6% and 3.2% for scenarios 1 and 2 respectively. Relative supply prices decrease making exports more competitive. Lower supply prices of the primary products make them cheap inputs for processing sectors, spilling over the impact of technological progress to secondary markets. Technological change in the use of intermediate inputs has a greater impact than that of primary factors, in terms of output, exports and relative price.
Non Supply Managed Commodities
Counterfactual results for the 6 non supply managed commodities show significant total gains from technological change. 
Supply Managed Commodities
The supply managed commodity markets fail to show significant general equilibrium impacts in output and intermediate use. The endogenous tax in the model captures the quota rents due to technological change in factor use for the two scenarios (Table 4 ). Significant increments in quota rents are observed for the three commodities. Technological change in the use of intermediate inputs appears to have a larger impact on the quota rents than that of primary factors. Under output controls and price controls (and accompanying trade restrictions), quota rents capture the impact of productivity increases in factor use. Value of quota rents accruing as a result of technological change are in fact comparable to value of output gains in unregulated commodity markets measured as a percentage of the sector's size (nearly 5% in either case). 
Impact on the Total Agricultural Sector
Percentage changes in market impacts for all agricultural markets in the model were aggregated by weighted averaging (weights reflecting the relative output share in the total sector) to reflect the total impact for each 'case' and each 'scenario' of technological change. Results appear in table 5. Technological change in supply managed sector has insignificant impact on the overall agricultural sector while the same in other primary agriculture has a larger impact in increasing agricultural output, increasing exports, reducing imports and driving down the relative supply prices. Again, the intermediate input scenario has a higher impact in output, exports/imports and relative price compared to primary factor scenario. 
Returns to Primary Factors
Returns to primary factors in agricultural sectors produce an estimate of producer welfare in those sectors (table 6). Cross effects (i.e. change of returns to primary factors in supply managed sector due to technological change in other primary sector etc.) are insignificant and not reported. The lower returns to primary factors in supply managed sector (case A) are compensated by the higher rents accruing on quota which act as an endowment to the farmers in this sector. However, increase of factor returns by 9% for a given endowment of primary factors in the unregulated sector show the beneficial impacts to owners of capital and labour even though the conventional wisdom anticipates a release of capital and labour from agriculture as the technology advances. 
Conclusion
Results of the counterfactual experiments highlight the distinct differential market impacts that result from the presence and absence of supply management. The overall general equilibrium response in any single commodity market appears to be comparable as a ratio to its size, but the way in which the impact manifests differs. In supply managed commodities, the impacts of technological change (whether in the use of intermediate inputs or of primary factors) are captured in the quota rents while in rest of primary agriculture, outputs and exports expand considerably, and relative supply prices decline. The general equilibrium outcome that quota rents freezes the spillovers of technological change and retain the gains to the producers is also in conformity with several early partial equilibrium analyses on the Canadian dairy and poultry sector, i.e. Arcus (1981) ; Barichello (1981) ; Veeman (1982) (These were some of the first studies carried out to assess the economic impact of supply management). Returns to primary factors are also higher for non supply managed commodity production. However, the fact that quota rents act as an asset to supply managed farmers, offsets this disparity to a certain extent. From the general equilibrium results, it can be concluded that supply management limits the spill-over effects of technological change significantly, thus reducing the social welfare gains. In other commodities, the overall impact can be considered socially beneficial. The results obtained here extend the understanding about the economic outcomes of supply control program in Canada and elsewhere. In addition to the already known negative impacts of supply control, i.e. efficiency losses, we display the potential freezing effect production quotas can have on the incidence of technological change. Table   INPUT  UTL  MIN  MEV  CON  CSV  SSV  OAS  ACS  DMS  MMS  SMS  PRI  FFM  PMF  WRT  TRN 
